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Abstract 

The present study aimed to assess the allelopathic potential of four cereals: winter 
wheat (Triticum aestivum L..), triticale (x Triticosecale Wittm.), spelt wheat 
(Triticum spelta L.) and barley (Hordeum vulgare L.) through a completely 
randomized (CR) design. The allelopathic effects of water extracts of different 
parts of the cereal plants (stem, leaf, and spike) at different concentrations (0.5%, 
1.0%, 2.0%, and 4.0%) were evaluated on the seed germination and seedling 
growth. The germination rate, length, and dry weight of the shoot and root of the 
seedlings were measured. Ferulic acid was detected in all the cereals. The water 
extracts at 2.0% and 4.0% concentration had an allelopathic effect on the 
germination rate, shoot and root length of seedlings of spelt wheat, barley, and 
triticale, and the stem and leaf extracts affected the root and shoot length of winter 
wheat. The allelopathic effect of the dried powder of the cereals were evaluated in 
pot experiments. Both spelt wheat and triticale powder treatment at elevated CO, 
levels increased the dry weight of the root, as well as the length of the shoot and 
root of winter wheat. Furthermore, treatment with 4.0 g of dry cereal powder 
combined with an elevated level of CO, increased the shoot length, whereas the 
root length of winter wheat was unaffected. In summary, the combination of dry 
cereal powder with elevated CO, stimulates the initial growth of winter wheat. 


Keywords 
seedling; dry weight; ferulic acid; cereal; allelopathy; autoallelopathy 


1. Introduction 


The allelopathic effects of cover crop species are important during the germination 
and seedling growth (Cheng & Cheng, 2015; Shekoofa et al., 2020). The allelopathy 
phenomenon is understood as any influence of one plant on another plant through 
the release of chemical compounds (Jabran, 2017; Wu et al., 2020). Indeed, 
autoallelopathy or autotoxicity isa common problem in agriculture, which 
contributes to reduced yield (Singh et al., 2010). Autoallelopathic influence is 
intraspecific; chemical compounds of a plant inhibit or suppress the growth of 
another plant (Gaba et al., 2018; Oraon & Mondal, 2021; Singh et al., 2010). 
Allelopathy is a physiological and ecological mechanism influencing agricultural 
crop production (Farooq et al., 2020). Due to the favorable climatic conditions and 
socioeconomic importance of cereals in the human diet, the cultivation of winter 
cereals is quite common (Georgieva, 2019; Jalali et al., 2020). Thus, it is important to 
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understand the allelopathic effects influencing the germination and seedling growth 
of winter cereals (El Beheiry et al., 2019; Soltys et al., 2010). 


Germination and seedling growth are important stages of plant growth (Korotkova 
et al., 2021; Shahrajabian et al., 2019). New strategies for managing organic 
production using allelopathy and autoallelopathy are emerging (Karami & Akhzari, 
2020). Additionally, there is a lack of data on the influence of elevated CO, levels on 
the autoallelopathic influence of cereals, specifically in light of the global greenhouse 
effect, hence this aspect was also considered in this study. The main purpose of this 
study was to assess the autoallelopathic potential of four cereals [winter wheat 
(Triticum aestivum L.), triticale (xTriticosecale Wittm.), spelt wheat (Triticum 

spelta L.), and barley (Hordeum vulgare L.)] under elevated CO, conditions. 


2. Material and Methods 
2.1. Plant Materials 


The specimens of four cereal species: winter wheat (Triticum aestivum), triticale 
(xTriticosecale Wittm.), spelt wheat (Triticum spelta L.), and barley (Hordeum 
vulgare L.) at the growth phase of spike/panicle development, were obtained from 
the experimental station of the University of Agriculture in Krakow (located at 
MydIniki- Krakow). The plant materials were air-dried in the shade at room 
temperature of 24 to 25°C. The dried materials were then segregated partwise into 
stem, leaves and spikes/panicles. The separated parts were ground in an electric 
grinder and weighed on the balance (Radwag, Poland) up to two decimal places. 
The ground material was stored in plastic containers at room temperature until 
further use. The aqueous extracts having 0.5%, 1.0%, 2.0%, and 4.0% concentration 
of the dried plant material were prepared in glass flasks. For the preparation of 
extract, dry powder (0.25, 0.50, 1.00, and 2.00 g) of each type of cereal meal and 

50 mL of distilled water was gently mixed in the flask covered with aluminum paper. 
The flasks containing the extracts were stored in a laboratory booth maintained at 
21°C. After 24 hr, the extracts were filtered by using a regular filter paper 
(Ahlstrom-Munksjé, Germany). 


2.2. Germination Test 


The glass Petri dishes (11 cm diameter) were cleaned with ethanol (99.5%) and 
sterilized in an oven at 105°C for 1 hr to remove the dust and other impurities. 

A 5 mL volume of the aqueous extract concentration (0.5%, 1.0%, 2.0%, and 4.0%) of 
cereal was dispensed in a Petri dish in three replicates per concentration. Distilled 
water was used as control. Seeds of the four cereal species were surface sterilized 
with 5% ethanol and washed with 100 mL of tap water for 2 min, rinsed under tap 
water, and then 15 seeds were placed in each Petri dish on two layers of filter paper as 
seedbeds. The seeds of the cereal species used in the test were from the same sample 
batch as those used for the extract. To prevent dehydration, the Petri dishes were 
sealed with parafilm and then incubated at 21 °C in a laboratory booth, avoiding 
direct sunlight. 


The potential allelopathic effects of the aqueous extracts were evaluated using the 
following growth parameters: germination rate, length of the shoot and root of the 
seedlings. The germination rate was assessed on the third day after seeding in the 
Petri dishes by counting the number of germinated seeds (having at least 1 mm of 
shoot) divided by the total number of seeds used per Petri dish and multiplying by 
100. The shoot and root length of the seedlings was measured after 7 days of growth 
by using a millimeter scale. The length of the shoots was measured from the apex of 
the shoot to the bottom of the shoot, whereas the length of the roots was obtained by 
measuring the meristematic apex of the main root up to the lap region. 


2.3. Pot Experiment in the CO, Chamber 


Pot experiment was conducted in a CO, chamber at two concentrations of CO, in 
the atmosphere, ambient and elevated (2,000 ppm). This experiment was performed 
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in the laboratory of the Department of Agroecology and Crop Production, 
University of Agriculture in Krakow during the winter season of 2019/2020. 

The CO, chamber was a 400-L top-closed container, equipped with an LED GX 300 
(PhytoLite, Italy) lamp (288/192 W) and a CO, source with a CO, flow sensor NDIR 
(Omni, UK), operating during the light (day) phase. The photoperiod was 16 hr/8 hr, 
and the temperature range was 18-25 °C. Water was continuously provided in a 
closed cycle. Pots of 1 L volume were lined at the bottom with two layers of filter 
paper and filled with an adequate amount of sand (445 g) of 0.2 mm grain size 
(BIOVITA, Poland). Dry powder, a mixture of different parts of winter wheat 

(T: aestivum L.), triticale (x Triticosecale Wittm.), or spelt wheat (T. spelta L.), such as 
spikes, leaves, and stems, mixed in a 1:1:1 ratio, was added to the upper layer of sand 
(2.0 or 4.0 g of dry powder) per pot. Next, 15 seeds of cereal species were seeded 
approximately 2 cm deep into each pot. The control pots contained only sand. The 
setup was a completely randomized (CR) design with three replicates (pots) per 
treatment. Plant biomass was determined as the dry weight recorded up to two 
decimal places by using a balance (Radwag, Poland). 


2.4. Analyses of Chemical Composition of the Cereals 


Fluorescence analysis of phenols of the dried leaves, stem, and spikes from cereal 
plants was performed according to the method of Lichtenthaler and Babani (2004), 
by evaluating the fluorescence emission spectra of each sample recorded by using a 
spectrofluorimeter (Perkin-Elmer LS55B, UK), equipped with an attachment for 
measuring solids (the so-called Front Surface Accessory - 52123130). Grounded 
plant sample (2.0 g) was placed on one of the two quartz slides (1 cm in diameter) 
and covered with the second slide. The slides loaded with the sample were placed in 
the metal ring of the attachment 52123130. Fluorescence intensity measurements 
were performed in the range of blue-green light (430-650 nm), with 390 nm 
excitation, and near-and far-red light (650-800 nm), with 430 nm blue excitation. 
The gap for the excitation ray was 15 nm, and that for the emitted ray was 20 nm. 
The measurements were performed in replicates of five, and the results were 
collected and analyzed using the FL WinLab ver. 3.00. 


2.5. Statistical Analyses 


The data were subjected to statistical analysis, which included one-way ANOVA and 
two-way ANOVA for a completely randomized design. Means were compared using 
Tukey's post hoc test at p < 0.05. The analyses were performed using the RUDNICKI 
STAT and STATISTICA ver. 13 software. 


3. Results 
3.1. Chemical Composition of the Plant Materials for Extracts 


The highest concentration of chlorophyll was observed in the leaf extract and the 
lowest in the spike and the stem. The barley leaves and spelt wheat leaves had the 
highest chlorophyll content, and the chlorophyll content of winter wheat spikes and 
spelt wheat spikes was the least (Figure 1). Chemical analysis revealed that phenolic 
acids were the most predominant chemical compounds in all the cereals. Samples of 
barley, especially barley spikes were the richest in phenolic compounds. 
Interestingly, there were phenolic acids were not detected in the spike samples of 
both wheat and triticale (Figure 2). 


3.2. Germination Test 


The germination rate was significantly influenced by the treatments of the water 
extracts. The highest germination rate was observed in the control and the lowest in 
presence of 4.0% extract. The germination rate of spelt wheat treated with the highest 
concentration of spelt wheat extract was 98% less than that of the control 

(Figure 3A). 
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Figure 1 Relative content (ratio of emission 690/735) of chlorophyll in cereals’ extracts. 
The lower bar is presenting higher chlorophyll content. Legend: BL - barley leaf; 

BST - barley stem; BSP - barley spike) SWL - spelt wheat leaf; SWSP - spelt wheat spike; 
SWST - spelt wheat stem; TL - triticale leaf; TSP - triticale spike; TST - triticale stem; 
WWL - winter wheat leaf; WWSP - winter wheat spike; WWST - winter wheat stem. 
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Figure 2 Relative content (ratio of emission F440/530) of phenolic acids in cereals’ 
extracts. Legend: BL - barley leaf; BST - barley stem; BSP - barley spike; SWL - spelt 
wheat leaf; SWSP - spelt wheat spike; SWST - spelt wheat stem; TL - triticale leaf; 
TSP - triticale spike; TST - triticale stem; WWL - winter wheat leaf; WWSP - winter 
wheat spike; WWST - winter wheat stem. 


The shoot and root lengths of spelt wheat were significantly influenced by the water 
extracts. The maximum reduction in the shoot length of spelt wheat seedlings 
(98.7% less than the control) was observed in the presence of the highest 
concentration of the spelt wheat extract (Figure 3B). The maximum reduction in the 
root length of spelt wheat seedlings (98.2% less than the control) was observed in 
presence of the highest concentration of spelt wheat extract (Figure 3C). 


Shoot and root lengths of winter wheat were significantly influenced by the type of 
water extract used. Winter wheat seedlings germinated poorly in presence of the 
stem extracts (Figure 4A). In contrast, significantly longer shoots were observed in 
the presence of the leaf extracts (Figure 4B), and the root length was reduced in the 
presence of the stem extracts (Figure 4C). The highest concentration of barley 
extract reduced the germination rate of barley by 31.4% as compared to the control 
(Figure 5A). The shoot and root lengths of barley were significantly influenced by the 
water extracts. The maximum reduction in the shoot length of barley seedlings was 
seen in presence of the highest concentration of the barley extracts, 48.5% less as 
compared to the control (Figure 5B), while the maximum reduction in the root 
length of barley seedlings observed in presence of the highest concentration of 
barley extracts was 51.2% less than that of the control (Figure 5C). The shoot length 
of triticale was significantly influenced by the water extract. The maximum 
reduction in the shoot length of triticale seedlings observed at the highest 
concentration of triticale extract was 69.7% less than the control (Figure 6A). Root 
length was affected by the water extracts and the maximum reduction of the root 
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Figure 3 Germination rate, shoot and root length of spelt wheat seedling after water 
extracts treatment. (A) Germination rate after seed treatment with water extracts. 

(B) Mean length of shoot for concentration. (C) Mean length of root for concentration, 
the differences between treatments are significant. Legend: 0% — control; 0.5% — 0.25 g; 
1% - 0.5 g52% -19;4% -2g. 

* Mean values are shown with whiskers that represent standard error (SE). Differences 
between means are shown with asterisks in comparison to control (p < 0.05), according to 
Tukey test (a = 0.05). 


length of triticale seedlings was observed at the highest concentration of triticale 
extracts, which was 23% lower than that of the control (Figure 6B). 


3.3. Seedling Growth Test-Pot Experiment in the CO, Chamber 
3.3.1. Effect of Elevated CO, and Powdered Winter Wheat on Winter Wheat 


On an average, the mean dry weight of the shoot of winter wheat was lower at an 
elevated level of CO, compared to the ambient level. At the same time, the mean dry 
weight of root was the same for both the CO, treatments, whereas the mean length 
of the shoot and root was greater in the elevated CO, treatment (Table 1). A detailed 
analysis of the effect of dry powders on the growth of winter wheat revealed that, in 
comparison to the control, at the ambient CO, level, the addition of powders 
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Figure 4 Germination rate, shoot and root length of winter wheat seedling after type of 
extracts treatment. (A) Germination rate after seed treatment with type of extracts. 

(B) Mean length of shoot for extracts. (C) Mean length of root for extracts, the differences 
between treatments are significant. Legend: swsp — spelt wheat spike; swl - spelt wheat leaf; 
swst — spelt wheat stem. 


* Mean values are shown with whiskers that represent standard error (SE). Differences 
between means are shown with asterisks in comparison to control (p < 0.05), according to 
Tukey test (a = 0.05). 


significantly stimulated biomass accumulation in both shoots and the roots, without 
any effect on plant height (Table 1). At elevated CO, concentration, the effects of the 
powders were unclear. At a lower dose of powder, the biomass of both the shoot and 
root of winter wheat was either higher or same as the control; however, the length of 
the shoot and root was significantly lower than that of the control. In the case of 
higher powder dose (4.0 g), the biomass accumulation was significantly lower but 
increase in plant height was significant (Table 1). 


3.3.2. Effect of Elevated CO, and Powdered Spelt Wheat on Winter Wheat 


On an average, at elevated CO, concentration, a significant increase in dry weight of 
root, and shoot and root lengths of winter wheat was observed compared to the 
values at ambient CO, concentration (Table 2). At ambient CO, concentration, 
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Figure 5 Germination rate, shoot and root length of barley seedling after water extracts 
treatment. (A) Germination rate after seed treatment with water extracts. (B) Mean length 
of shoot for concentration. (C) Mean length of root for concentration, the differences 
between treatments are significant. Legend: 0% - control; 0.5% — 0.25 g; 1% - 0.5 g; 

2% -1 954% - 2g. 

* Mean values are shown with whiskers that represent standard error (SE). Differences 


between means are shown with asterisks in comparison to control (p < 0.05), according to 
Tukey test (a = 0.05). 


the addition of spelt wheat powder to the sand caused a significant increase in shoot 
and root dry weight compared to the control plants. The height of the plants was 
unaffected by change in CO,. In the elevated CO, condition, addition of spelt wheat 
powders caused a significant increase only in the winter wheat root dry weight. 

All other traits were unaffected (Table 2). 


3.3.3. Effect of Elevated CO, and Powdered Triticale on Winter Wheat 


On average, elevated levels of CO, increased the root dry weight in winter wheat, 

as well as the length of roots and shoots, compared to the ambient conditions. On an 
average, the control plants of winter wheat were taller and with higher biomass of 
shoots and roots at elevated levels of CO, than the control plants under ambient 
CO, conditions (Table 3). Under ambient CO, conditions, the addition of triticale 
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Figure 6 Shoot and root length of triticale seedling after water extracts treatment. 

(A) Mean length of shoot for concentration. (B) Mean length of root for concentration, 
the differences between treatments are significant. Legend: 0% — control; 0.5% — 0.25 g; 
1% - 0.5 g5 2% -19;4% -2g. 


* Mean values are shown with whiskers that represent standard error (SE). Differences 
between means are shown with asterisks in comparison to control (p < 0.05), according to 
Tukey test (a = 0.05). 


Table 1 ‘The effect of elevated CO, on growth and dry mass accumulation of winter wheat 
growing in sand mixed with a 2 or 4 g of a powdered winter wheat in the growth phase of 














earing. 
co, Treatment Shoot DW Root DW Shoot length Root length 
Ambient Control 0.02 a 0.0la 54.8 a 58.5a 
2¢ 0.08 c 0.05 b 57.9 a 59.7 a 
4g 0.08 c 0.07 b 57.9 a 46.0a 
Mean 0.06 b 0.05 56.8 a 54.7a 
Elevated Control 0.03 ab 0.05 b 73.7b 152.7 b 
2¢g 0.05 b 0.05 b 22.0a 31.6a 
4g 0.02 a 0.03 ab 134.8 ¢ 128.6b 
Mean 0.03 a 0.04 76.8b 104.3 b 


Means followed by different letters are significantly different according to Tukey test. Two-way ANOVA 
performed for the columns and one-way ANOVA performed for the mean values in columns. DW - dry 
weight. 


powder to the sand caused a significant increase in winter wheat shoots only in 
comparison to the untreated control (Table 3). Under elevated CO, conditions, 

in the presence of 2.0 g of triticale powder, a significant increase in winter wheat 
shoot length was noted, with shoot dry weight remaining same as that of the control 
plants. Addition of 4.0 g of powder resulted in a significant increase in root dry 
weight and root length compared to the untreated control plants (Table 3). 


Acta Agrobotanica / 2022 / Volume 75 / Article 753 8 
Publisher: Polish Botanical Society 


de Carvalho et al. / Autoallelopathic and Allelopathic Influence of Aqueous Winter-Cereal Extracts 


Table 2 ‘The effect of elevated CO, on growth and dry mass accumulation of winter wheat 
growing in sand mixed with a 2 or 4 g of powdered spelt wheat in the growth phase of 
earing. 














co, Treatment Shoot DW Root DW Shoot length Root length 
Ambient Control 0.02 a 0.01 a 54.8 a 58.5a 

2¢g 0.06 b 0.04 b 52.9 a 47.1a 

4g 0.06 b 0.07 c 85.0a 71.6a 

Mean 0.04 b 0.04 a 64.2a 59.0a 
Elevated Control 0.03 a 0.05 b 73.7 a 152.7a 

2g 0.02 a 0.12 d 75.4a 85.5a 

4g 0.02 a 0.04 b 108.5a 141.9a 

Mean 0.03 a 0.07 b 85.9b 126.7b 


Means followed by different letters are significantly different according to Tukey test. Two-way ANOVA 
performed for the columns and one-way ANOVA performed for the mean values in columns. DW - dry 
weight. 


Table 3 ‘The effect of elevated CO, on growth and dry mass accumulation of winter wheat 
growing in sand mixed with a 2 or 4 g of a powdered triticale in the growth phase of earing. 














co, Treatment Shoot DW Root DW Shoot length Root length 
Ambient Control 0.02 a 0.01 a 54.8 a 58.5a 

2g 0.07 c 0.04 ab 59.2a 62.la 

4g 0.05 b 0.02 a 22.0a 20.2a 

Mean 0.05 0.03 a 45.34 46.9a 
Elevated Control 0.04b 0.05b 100.6 b 111.0b 

2¢g 0.04 b 0.03 ab 254.9 c 136.6 be 

4g 0.05 b 0.12 ¢c 86.3 b 162.1¢ 

Mean 0.04 0.07 b 147.3b 136.6 b 


Means followed by different letters are significantly different according to Tukey test. Two-way ANOVA 
performed for the columns and one-way ANOVA performed for the mean values in columns. DW - dry 
weight. 


4. Discussion 
4.1. Chemical Composition of the Plant Material for Extracts 


The identification of chemical components of the plant material in the water extracts 
is important to understand the effect on the target plants (Ahmad et al., 2020). 
Chemical analysis revealed that the chlorophyll contents in the cereal (donors of 
allelopathic compounds) were different. Leaves of the cereals contained the highest 
concentration of chlorophyll, and spikes and stems the lowest. Barley and spelt wheat 
had higher chlorophyll content than the other cereals. Physiological factors affect the 
chemical composition of plants, such as the chlorophyll content of crops as reported 
by Sid’ko et al. (2017). Chemical analysis also showed that ferulic acid was the most 
predominant type of phenolic compound in all the four cereal species. Boutigny et al. 
(2008) mentioned that in cereals, phenolic compounds represent an important group 
of secondary metabolites besides carotenoids and tocopherols. However, research on 
the presence of phenolic compounds in cereals has shown that their composition 
depends on the cereal species or varieties (Ndolo & Beta, 2014; Pihlava et al., 2015). 


4.2. Germination Rate 


Drought enhances allelopathic effects on the seed germination and seedling growth 
(Wu et al., 2020). The allelopathic evaluation in our study showed that the four cereal 
species responded to the application of different concentrations of water extracts, 

as seen by the considerable effects on the seed germination. The different 
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concentrations of aqueous water extracts significantly suppressed the germination 
rate of spelt wheat, followed by barley; though the germination rates of triticale and 
winter wheat were also reduced, the difference from the control was not significant 
(p > 0.05). Therefore, spelt wheat and barley appear to be more sensitive to the 
allelopathic effects of water extracts. In general, the concentrations of 1.0 and 2.0 g 
caused the maximum inhibition of the germination rate for all cereals studied. The 
effect of several concentrations of water extracts on plant growth has been explored, 
and higher concentrations are known to inhibit sprouting (Ahmed et al., 2008). 


The extent of inhibitory effects of water extracts from the tissues of spelt wheat, 
winter wheat, barley, and triticale on the germination rate depended on the type of 
extract and the target seed species. The germination rate of winter wheat was found 
to be the most sensitive among the cereals when subjected to autoallelopathy stress, 
and differences in the effects may be due to the different crop characteristics. 

The water extract from the stems of winter wheat showed a greater inhibitory effect 
on winter wheat seed germination than did the extract from leaves and spikes. 
Moreover, the water extracts of the other cereals showed an inhibitory effect on their 
seed germination, excluding the differences among treatments, which were not 
statistically significant (p > 0.05). 


4.3. Shoot and Root Length 


Allelopathic interactions accounting for the inhibitory effect of shoots on wheat 
growth in dense clay subsoils have been recorded (Wang et al., 2019). The plant parts 
showed an inhibitory effect on root and shoot growth. Statistical analyses showed 
that the maximum reduction observed at the highest concentration had a significant 
effect on the shoot and root length of spelt wheat, barley, and triticale. However, in 
winter wheat, we did not record significant differences, even though the shoot and 
root lengths of the seedlings were inhibited. From the study on cereals in relation to 
the source of the extracts, the statistical analysis revealed that the different parts (leaf 
and stem) had a significant effect on the shoot and root length of winter wheat 

(p < 0.05). The effects on the other cereal species were not statistically different 

(p > 0.05). Shoot and root length of cereals spelt wheat, barley, and triticale were 
more sensitive to the highest concentration of aqueous extracts. While for the source 
of extracts, the results suggest that winter wheat leaf extract might improve shoot 
length and stem extracts might reduce root length. 


In general, the effects of different concentrations and types of extracts are 
indispensable factors affecting the shoot and root length of winter cereals. The 
findings demonstrated that such effects might be associated with autoallelopathic 
influence due to the presence of secondary metabolites (ferulic acids) in the crops 
used in the study. Thus, the results support the explanation that the negative effect of 
autoallelopathy phenomenon due to secondary metabolites released from maternal 
plants could hinder and inhibit directly or indirectly the growth of their seedlings 
(Chomel et al., 2016; Fernandez et al., 2016). Furthermore, reports provided by Amb 
and Ahluwalia (2016) explained that the inhibitory effect of autoallelopathy in some 
cereals is caused by both living and dead plants, which directly or indirectly affect 
the growth of the plants. 


4.4. Plant Biomass 


The effect of CO, levels and the source of cereal powder used influenced the growth 
parameters of winter wheat, such as the shoot and root dry weight, as well as shoot 
and root length. Statistical analysis of the results revealed significant differences 
among the treatments (p < 0.05). The dry weight of the shoots and roots was 
significantly altered by elevated CO, in presence of the cereal powders, with a higher 
biomass accumulation in the roots at 2.0 and 4.0 g of powdered spelt wheat and 
triticale. The longest shoots and roots of winter wheat were observed under elevated 
CO, at 2.0 g of powered triticale. The results of the study showed that the effect of 
elevated CO, combined with winter wheat dry powder on the initial growth of 
winter wheat resulted in an increase in shoot and root length and decrease in shoot 
and root dry weight. Elevated CO, combined with spelt wheat powder decreased 
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shoot dry weight and increased root dry weight in winter wheat. Elevated CO, 
associated with triticale powder increased the shoot and root length, and root dry 
weight but decreased the dry weight of the shoot of winter wheat. 


These results are consistent with previous studies (Geiger et al., 1999), which 
reported that the pattern of growth and development of plants subjected to different 
CO, concentrations are different among species. Indeed, some studies have reported 
the effects of elevated CO, on plant growth and development, and several studies 
demonstrated that, in general, elevated CO, increases root dry mass (Reddy et al., 
2010; Seneweera, 2011). Furthermore, Rogers et al. (1995), based on 264 
observations, reported that elevated CO, causes several responses, where the 
positive responses on shoots and roots are 59.5% higher, as compared to 37.5% 
negative response, and 3.0% without any response. Interestingly, our results showed 
significant statistical differences in the biomass accumulation in the shoots and roots 
of powdered winter wheat grown under elevated CO,. Effects on shoot and root 
length were observed and the shortest length was recorded in presence of 2.0 g of 
powdered winter wheat. These results might be related to the autoallelopathy 
influence of powdered cereals, as this phenomenon is observed among plants of the 
same species that release autotoxins from sources such as plant residues, root 
exudates, leachates of plants, and volatile oils (Yu, 2001). 


According to Fatholahi et al. (2020), seed germination and root elongation are the 
primary effects of autoallelopathic influence. Furthermore, the influence on 
germination and roots is manifested as dwarf plants and lesions on the tap and 
lateral roots. In addition, the presented results are supported by studies that have 
demonstrated that autoallelopathy phenomenon inhibits plant growth in two main 
ways: direct (affecting photosynthesis and plant defense systems) and indirect 
(affecting nutrient absorption) (Ahmed et al., 2008; Feng et al., 2019; Mitic et al., 
2018; Wardle et al., 2004; Yang et al., 2010). 


In the present study, winter wheat responded to the allelopathic effects when 
elevated CO, was combined with dry cereal powder in pot experiments. Our results 
confirm higher reduction in shoot dry weight than in root dry weight, while 
beneficial effects (e.g., increased shoot and root length) were also observed. 


5. Conclusions 


Ferulic acid was identified as the main phenolic compound in all the four cereals 
selected for this study. The highest concentration of chlorophyll was observed in the 
leaves of barley and spelt wheat. The autoallelopathic effects of the cereals are 
confirmed by the results of the experimental studies. The highest concentrations of 
water extracts (2.0% and 4.0%) reduced the germination rate of spelt wheat and 
barley, as well as the shoot and root lengths of spelt wheat, barley, and triticale 
seedlings. Among the sources of extracts, the stem extracts negatively affected root 
length, and the leaf extracts positively affected shoot length; both effects were 
observed in winter wheat. The combination of elevated CO, level with spelt wheat 
powder or triticale powder decreased shoot dry weight but increased the root dry 
weight and shoot and root length of winter wheat. The elevated level of CO, 
combined with winter wheat powder decreased shoot and root dry weight; however, 
the shoot and root length in winter wheat was increased. 


References 


Ahmad, Z., Khan, K. R., Farooq, M., Shah, A. H., Mehmood, A., Jabeen, T., & Zohra, L. 
(2020). Evaluation of allelopathic potential of agricultural land associated trees on 
germination attributes of wheat (Triticum aestivum L.). Proceedings of the International 
Academy of Ecology and Environmental Sciences, 10(2), 38-44. 

Ahmed, R., Hoque, A. T. M. R., & Hossain, M. K. (2008). Allelopathic effects of leaf litters of 
Eucalyptus camaldulensis on some forest and agricultural crops. Journal of Forestry 
Research, 19, 19-24. https://doi.org/10.1007/s11676-008-0003-x 

Amb, M. K., & Ahluwalia, A. (2016). Allelopathy: Potential role to achieve new milestones in 
rice cultivation. Rice Science, 23, 165-183. https://doi.org/10.1016/j.rsci.2016.06.001 


Acta Agrobotanica / 2022 / Volume 75 / Article 753 11 
Publisher: Polish Botanical Society 


de Carvalho et al. / Autoallelopathic and Allelopathic Influence of Aqueous Winter-Cereal Extracts 


Boutigny, A. L., Richard-Forget, E, & Barreau, C. (2008). Natural mechanisms for cereal 
resistance to the accumulation of Fusarium trichothecenes. European Journal of Plant 
Pathology, 121, 411-423. https://doi.org/10.1007/s10658-007-9266-x 

Cheng, F., & Cheng, Z. (2015). Research progress on the use of plant allelopathy in agriculture 
and the physiological and ecological mechanisms of allelopathy. Frontiers in Plant 
Science, 6, Article 1020. https://doi.org/10.3389/fpls.2015.01020 

Chomel, M., Guittonny-Larchevéque, M., Fernandez, C., Gallet, C., & Baldy, V. (2016). Plant 
secondary metabolites: A key driver of litter decomposition and soil nutrient cycling. 
Journal of Ecology, 104(6), 1527-1541. https://doi.org/10.1111/1365-2745.12644 

El Beheiry, M. A., El Fahar, R. A., Tahoun, E. M., & Abd Elhaak, M. A. (2019). Mitigation of 
wheat seedlings to the allelopathic effect of Malva parviflora and Rumex dentatus 
weeds. Egyptian Journal of Experimental Biology (Botany), 15(2), 269-282. 
https://doi.org/10.5455/egyjebb.20190822013134 

Farooq, N.;, Abbas, T., Tanveer, A., & Jabran, K. (2020). Allelopathy for weed management. 
In J. M. Mérillon & K. Ramawat (Eds.), Co-evolution of secondary metabolites 
(pp. 505-519). Springer. https://doi.org/10.1007/978-3-319-96397-6_16 

Fatholahi, S., Karimmojeni, H., & Ehsanzadeh, P. (2020). Phenolic compounds and 
allelopathic activities of ancient emmer wheats: Perspective for non-chemical weed 
control scenarios. Acta Physiologiae Plantarum, 42(8), Article 135. 
https://doi.org/10.1007/s11738-020-03128-7 

Feng, Y., Hu, Y., Wu, J., Chen, J., Yrjala, K., & Yu, W. (2019). Change in microbial 
communities, soil enzyme and metabolic activity in a Torreya grandis plantation in 
response to root rot disease. Forest Ecology and Management, 432, 932-941. 
https://doi.org/10.1016/j.foreco.2018.10.028 

Fernandez, C., Monnier, Y., Santonja, M., Gallet, C., Weston, L. A., Prévosto, B., Saunier, A., 
Baldy, V., & Bousquet-Mélou, A. (2016). The impact of competition and allelopathy on 
the trade-off between plant defense and growth in two contrasting tree species. 
Frontiers in Plant Science, 7, Article 594. https://doi.org/10.3389/fpls.2016.00594 

Gaba, S., Alignier, A., Aviron, S., Barot, S., Blouin, M., Hedde, M., Jabot, F., Vergnes, A., Bonis, 
A., Bonthoux, S., Bourgeois, B., Bretagnolle, V., Catarino, R., Coux, C., Gardarin, A., 
Giffard, B., Le Gal, A., Lecomte, J., Miguet, P., ... Couvet, D. (2018). Ecology for 
sustainable and multifunctional agriculture. Springer. 
https://doi.org/10.1007/978-3-319-90309-5_1 

Geiger, M., Haake, V., Ludewig, E, Sonewald, U., & Stitt, M. (1999). The nitrate and 
ammonium nitrate supply have a major influence on the response of photosynthesis, 
carbon metabolism, nitrogen metabolism, and growth to elevated carbon dioxide in 
tobacco. Plant, Cell and Environment, 22, 1177-1199. 
https://doi.org/10.1046/j.1365-3040.1999.00466.x 

Georgieva, N. (2019). Allelopathic tolerance in white lupine (Lupinus albus L.) accessions to 
Sorghum halepense extracts. Journal of BioScience and Biotechnology, 8(1), 51-58. 

Jabran, K. (2017). Manipulation of allelopathic crops for weed control. Springer. 
https://doi.org/10.1007/978-3-319-53186-1 

Jalali, I., Abbas, S. H. A. H., Farooq, M., Jabeen, T., Khan, K. R., & Zohra, L. (2020). 
Assessment of allelopathic prospective of agriculture land trees on morphological and 
yield attributes of wheat varieties of Pakistan. Journal of Agriculture Science, 35(2), 
45-50. https://doi.org/10.47059/alinteri/V3512/AJ AS20074 

Karami, F., & Akhzari, D. (2020). Studying the interaction effects of allelopathy and salinity 
stresses on physiological traits and nutrient uptake in Poa bulbosa L. treated with 
arbuscular mycorrhizal fungi. ECOPERSIA, 8(3), 139-146. 

Korotkova, I., Marenych, M., Hanhur, V., Laslo, O., Chetveryk, O., & Liashenko, V. (2021). 
Weed control and winter wheat crop yield with the application of herbicides, nitrogen 
fertilizers, and their mixtures with humic growth regulators. Acta Agrobotanica, 74(1), 
Article 748. https://doi.org/10.5586/aa.748 

Lichtenthaler, H. K., & Babani, F. (2004). Light adaptation and senescence of the 
photosynthetic apparatus. Changes in pigment composition, chlorophyll fluorescence 
parameters and photosynthetic activity. In G. C. Papageorgiou & Govindjee (Eds.), 
Chlorophyll a fluorescence (pp. 713-736). Springer. 
https://doi.org/10.1007/978- 1-4020-3218-9_28 

Mitié, N., Stani8i¢, M., Savié, J., Cosié, T., Stanisavljevic, N., Miljus-Dukic¢, J., Marin, M., 
Radovié¢, S., & Ninkovic, S. (2018). Physiological and cell ultrastructure disturbances in 
wheat seedlings generated by Chenopodium murale hairy root exudate. Protoplasma, 
255(6), 1683-1692. https://doi.org/10.1007/s00709-018- 1250-0 

Ndolo, V. U., & Beta, T. (2014). Comparative studies on composition and distribution of 
phenolic acids in cereal grain botanical fractions. Cereal Chemistry, 91, 522-530. 
https://doi.org/10.1094/CCHEM- 10- 13-0225-R 


Acta Agrobotanica / 2022 / Volume 75 / Article 753 12 


Publisher: Polish Botanical Society 


de Carvalho et al. / Autoallelopathic and Allelopathic Influence of Aqueous Winter-Cereal Extracts 


Oraon, S., & Mondal, S. (2021). Allelopathic effect of lamiaceous weeds on seed germination 
and early growth of aromatic rice (Oryza sativa ‘Gobindobhog’). Acta Agrobotanica, 
74(1), Article 741. https://doi.org/10.5586/aa.741 

Pihlava, J.-M., Nordlund, E., Heinio, R.-L., Hietaniemi, V., Lehtinen, P., & Poutanen, K. 
(2015). Phenolic compounds in wholegrain rye and its fractions. Journal of Food 
Composition and Analysis, 38, 89-97. https://doi.org/10.1016/j.jfca.2014.10.004 

Reddy, A. R., Rasineni, G. K., & Raghavendra, A. S. (2010). The impact of global elevated CO, 
concentration on photosynthesis and plant productivity. Current Science, 99(1), 46-57. 

Rogers, H. H., Prior, S. A., Runion, G. B., & Mitchell, R. J. (1995). Root to shoot ratio of crops 
as influenced by CO,. Plant and Soil, 187, 229-248. 
https://doi.org/10.1007/BF00017090 

Seneweera, S. (2011). Effects of elevated CO, on plant growth and nutrient partitioning of rice 
(Oryza sativa L.) at rapid tillering and physiological maturity. Journal of Plant 
Interactions, 6(1), 35-42. https://doi.org/10.1080/17429145.2010.513483 

Shahrajabian, M. H., Khoshkharam, M., Sun, W., & Cheng, Q. (2019). Germination and 
seedlings growth of corn (Zea mays L.) to allelopathic effects of rice (Oryza sativa L.). 
Tropical Plant Research, 6(1), 152-156. https://doi.org/10.22271/tpr.2019.v6.i1.022 

Shekoofa, A., Safikhan, S., Raper, T. B., & Butler, S. A. (2020). Allelopathic impacts of cover 
crop species and termination timing on cotton germination and seedling growth. 
Agronomy, 10(5), Article 638. https://doi.org/10.3390/agronomy10050638 

Sid’ko, A. E, Botvich, I. Y., & Pisman, T. I. (2017). Stimulation of the chlorophyll content and 
yield of grain crops via their chlorophyll potential. Biophysics, 62, 456-459. 
https://doi.org/10.1134/S0006350917030198 

Singh, N. B., Amit, S., & Deepmala, S. (2010). Autotoxicity of maize and its mitigation by plant 
growth promoting rhizobacterium Paenibacillus Polymyxa. Allelopathy Journal, 1, 
195-204. 

Soltys, D., Debska, K., Bogatek, R., & Gniazdowska, A. (2010). Autotoksycznos¢ roslin jako 
przyktad oddzialywan allelopatycznych [Plant autotoxicity - An example of allelopathic 
interaction]. Kosmos, 59(3-4), 551-566. 

Wang, X., Peter, S., Liu, Z., Armstrong, R., Rochfort, S., & Tang, C. (2019). Allelopathic effects 
account for the inhibitory effect of field-pea (Pisum sativum L.) shoots on wheat growth 
in dense clay subsoils. Biology and Fertility of Soils, 55(7), 649-659. 
https://doi.org/10.1007/s00374-019-01384-5 

Wardle, D. A., Bardgett, R. D., Klironomos, J. N., Heikki, S. L., Putten, W. H. V. D., & Wall, D. 
H. (2004). Ecological linkages between aboveground and below ground biota. Science, 
304, 1629-1633. https://doi.org/10.1126/science. 1094875 

Wu, R., Wu, B., Cheng, H., Wang, S., Wei, M., & Wang, C. (2020). Drought enhanced the 
allelopathy of goldenrod on the seed germination and seedling growth performance of 
lettuce. Polish Journal of Environmental Studies, 30(1), 423-432. 
https://doi.org/10.15244/pjoes/122691 

Yagi, K., & Ohishi, N. (1979). Action of ferulic acid and its derivatives as antioxidants. Journal 
of Nutritional Science and Vitaminology, 25(2), 127-130. 
https://doi.org/10.3177/jnsv.25.127 

Yang, L., Wang, P., & Kong, C. (2010). Effect of larch (Larix gmelini Rupr.) root exudates on 
Mancharian walnut (Juglans mandshurica Maxim.) growth and soil juglone in a 
mixed-species plantation. Plant and Soil, 329, 249-258. 
https://doi.org/10.1007/s11104-009-0149-0 

Yu, J. G. (2001). Autotoxic potential of cucurbic crops: Phenomenon, chemicals, mechanisms 
and means to overcome. Journal of Crop Production, 4(2), 335-348. 
https://doi.org/10.1300/J144v04n02_15 


Acta Agrobotanica / 2022 / Volume 75 / Article 753 13 


Publisher: Polish Botanical Society 


